Yeast strain 39-A was isolated as a lipase producer from the digestive juice of Nepenthes ventricosa. The yeast was identified as Cryptococcus flavescens by morphological tests and comparative 26S rDNA-D1/D2 and ITS-5.8S rDNA gene sequence analysis. The lipase from strain 39-A was purified from a culture filtrate by (NH 4 ) 2 SO 4 precipitation, and by chromatography with CM-Toyopearl 650M, Butyl-Toyopearl 650M, and Toyopearl HW-55. The purified enzyme appeared as a single band with 34 kDa on SDS-PAGE. The optimum temperature and pH were approximately 30℃ and 7.0, respectively. The fatty acid specificity in milk triglyceride was similar to that of Lipase PGE T , a pregastric esterase with shortchain fatty acid specificity in triglycerides.
Introduction
Lipases (EC 3.1.1.3, triacylglycerol acylhydrolase) are enzymes that catalyze the hydrolysis of triacylglycerol, and are found widely in animals (Lai et al., 1997) , plants Aizono et al., 1973; Mukherjee 1994) , and microorganisms (Sharma et al., 2001) . Various microbial lipases are produced on an industrial scale for purposes such as ester synthesis and fat splitting (Godfrey and West, 1996) . In the dairy industry, lipases are used for flavor development in specific types of cheese, flavor enhancement, acceleration of cheese ripening, and production of cheese-like products (Arnold et al., 1975) . Milk fat contains various lipids, with > 98% consisting of triglycerides, and the free fatty acids in cheese released from milk fat can contribute directly to its flavor. In particular, pregastric esterases of young ruminants are important lipases for the acceleration of cheese ripening and the production of enzyme-modified cheese (EMC), which is used to formulate foods requiring a cheese flavor (Kwak et al., 1989) . The short-chain fatty acids (C 4 to C 6 ) in milk fat released by pregastric esterase function not only as flavor components, but also as precursors for other flavor components. (Har-boe, 1994; Aravindan et al., 2007) . However, the fatty acid specificity of microbial lipases differs from that of pregastric esterase. Most microbial lipases release mainly long-chain fatty acids from milk fat (Kanizawa et al., 1982) . Therefore, we were interested in identifying a microbial lipase with qualities similar to pregastric esterase. In this study, we purified and characterized the extracellular lipase produced by Cryptococcus flavescens 39-A and examined its potential to replace pregastric esterase in the dairy industry.
Materials and Methods
Organisms Strain 39-A was newly isolated from the digestive juice in the pitcher of Nepenthes ventricosa, an insectivorous plant, which was obtained from Higashiyama Botanical Garden in Nagoya, Japan. Strain 39-A was identified by its morphological characteristics and gene sequence analysis based on 26S rDNA-D1/D2 and ITS-5.8S rDNA by TechnoSuruga (Shizuoka, Japan) .
Materials Lipase PGE T , a calf pregastric esterase, Lipase AY T derived from Candida rugosa (C. cylindracea), and Lipase D T derived from Rhizopus delemar were purchased from Amano Enzyme Inc. (Nagoya, Japan). All other chemicals used were obtained from commercial sources.
Lipase assay The reaction mixture contained 2 mL of umn effluent. Determination of molecular mass SDS-PAGE was performed with a Compact PAGE AE-7305 (Atto Co., Ltd. Tokyo) using C-PAGEL (Atto Co., Ltd.). To determine molecular mass, the E Z Standard AE-1440 (Atto Co., Ltd.) was used as the protein standard.
Effect of metal ions and chemicals Lipase activity was assayed in the presence of metal ions or chemicals at a concentration of 1 mM under standard conditions. Substrate specificity Condensed milk (fat, 47%), Meiji Hokkaido Tokachi Fresh 100 (Meiji Co. Ltd., Tokyo), was used as the substrate. The mixture contained 200 mL of milk and 68 mL of lipase solution (400 units) dissolved in 0.05 M phosphate buffer (pH 6.0) and was incubated at 35℃ under stirring. The reaction mixture was sampled periodically and titrated with 0.1 M NaOH to determine hydrolysis rate. When the hydrolysis rate reached ~ 10%, the reaction mixture was adjusted to pH 2.0 with 3 M HCl for reaction termination and kept at −85℃. After the released fatty acids in the reaction mixture were extracted with diethyl ether-heptane (1:1, v/v) and converted to methyl ester with diazomethane/ diethyl ether, the fatty acid composition was analyzed with gas chromatography by Japan Food Research Laboratories (Nagoya) performed on a GC-1700 (Shimadzu Co., Kyoto) with a DB-23 column (30 m × 0.25 mm i.d. × 0.25 μm coiled glass column, Agilent Technologies Inc., Santa Clara, CA). The carrier gas was helium at a flow rate of 1.5 mL min -1 . The flame-ionization detector and injector were maintained at 250℃. The oven was programmed as follows: initial temperature, 50℃; 10℃ min -1 to 170℃ and then 1.2℃ min -1 to 210℃. The fatty acid composition released by lipase was defined as weight percentage.
Cheese making Mozzarella cheese was made with a cheese-making kit (Auvelcraft Co., Ltd. Okazaki, Japan) using cow's milk as described previously (Mase et al., 2011) . A total of 7000 units of lipase were added to 2 L of milk, and cheeses were prepared by maturation for 2 days in a refrigerator at 5℃
.
Sensory evaluation of the cheese The sensory characteristics of the cheeses were ranked by a panel of twelve female students (age, 22 years) from Sugiyama Jogakuen University. The panel was trained to recognize cheese taste and flavor. The color, aroma, flavor, taste, and texture determined by discrimination test and the total acceptance determined by a palatability test were compared. A rating of 1 − 4 was given to each sample, with 1 being the most or best and 4 being the least or worst. Scores of each sample were totaled, and cheeses were ranked from best to worst. Data were analyzed using Kramer's test (Kramer, 1960) . 1 mM p-nitrophenyl butylate solution dissolved in 0.1 M sodium phosphate buffer (pH 6.0) and 0.2 mL of enzyme solution. After reaction at 40℃ for 20 min, 2 mL of ethanol was added to terminate the reaction. The production of p-nitrophenol was measured at 405 nm. One unit of lipase activity was defined as the amount of enzyme that released 1 μmol min -1 of p-nitrophenol under these conditions.
Cultivation A single colony of strain 39-A from an agar slant was inoculated into 100-mL shaking flasks containing 20 mL of medium. The medium (pH 6.2) consisted of 21 g of Difco YM Broth and 5 g of glucose in 1 L of tap water. After incubation at 25℃ for 24 h, 40 mL of the culture was inoculated into a 3-L jar fermentor containing 2 L of the medium described above. The cultivation was performed at 25℃ for 72 h with agitation at 300 rpm and aeration at 1.5 L min -1 .
Jar fermentation of strain 39-A was done five times under the same conditions.
Purification of lipase All steps in the purification were performed at 4℃ unless otherwise noted. After 72 h of cultivation, the cells were removed by centrifugation, and a crude lipase solution was obtained by filtration. The filtrates were combined, and concentrated by ultrafiltration using an AIV-1010 (Asahi Kasei Co., Osaka) with nearly 100% recovery of lipase activity. The enzyme solution was re-filtered to remove insolubles. Then, solid (NH 4 ) 2 SO 4 was added to the filtrate up to a saturation of 80% with stirring and left overnight at 5℃. The resulting precipitates were collected by filtration and dissolved in 0.02 M phosphate buffer (pH 7.0). The enzyme solution was dialyzed against the phosphate buffer for 16 h and applied to a CM-Toyopearl 650M column (4 × 20 cm) equilibrated with the same buffer. The adsorbed enzyme was eluted with a linear gradient of 0 − 0.5 M NaCl in the phosphate buffer, and the active fractions were combined. Solid (NH 4 ) 2 SO 4 was added to the active fraction up to 20%. The enzyme solution was applied to a Butyl-Toyopearl 650M column (2.2 × 20 cm) equilibrated with phosphate buffer with 20% (NH 4 ) 2 SO 4 . The adsorbed enzyme was eluted with a linear gradient of 20 − 0% (NH 4 ) 2 SO 4 in phosphate buffer. The eluted active fraction was dialyzed against 0.02 M phosphate buffer (pH 7.0) containing 0.5 M NaCl and subjected to gel filtration on a Toyopearl HW-55 column (2.2 × 92 cm) using phosphate buffer containing 0.5 M NaCl. The active fractions were then combined and dialyzed against a large volume of 0.01 M phosphate buffer (pH 7.0). The resulting dialyzate was used for further experiments as the final enzyme preparation.
Protein assay Protein concentration was measured with Bio-Rad protein reagent (Bio-Rad Laboratories, Berkeley, CA) using bovine serum albumin as the standard. Absorbance at 280 nm was used for monitoring protein in the col-casional release of medium to long-chain fatty acids (C 12 , C 14 , and C 16 ). In contrast, Lipase D T and Lipase AY T showed specificity toward long chain fatty acids like C 14 , C 16 , and C 18:1 , while the purified lipase exhibited higher specificity toward short chain fatty acids (C 4 ) than to long chain fatty acids (C 16 , C 18:1 ).
Sensory evaluation of cheese The sensory attributes and palatability of the cheeses with lipase were compared against controls (Table 4 ). The cheese with Lipase PGE T was preferred by the panel with respect to both aroma (p < 0.01) and flavor (p < 0.01). The cheese with purified lipase was also preferred with respect to aroma (p < 0.05). The addition of Lipase AY T was not favorable for all discrimination tests compared with other lipases, but was preferred more than controls for all attributes. Acceptability of controls without lipase was significantly lower for both aroma (p < 0.01) and taste (p < 0.05). Cheeses with Lipase PGE T and purified lipase were also favored with regard to taste and total acceptance, compared with controls.
Results
Identification of isolated strain 39-A Strain 39-A was grown aerobically on yeast extract-malt extract agar (Becton, Dickinson and Company, Franklin Lakes, NJ) for 2 − 20 days at 25℃. Cell proliferation by budding was ovoidal (4 − 12 × 3 − 6 μm) or ellipsoidal (8 − 15 × 3 − 7 μm), but no reproductive apparatus was observed. The colony was white to yellowish-cream in color and somewhat mucoidal and convex with a smooth surface. Strain 39-A utilizes dglucuronate and forms extracellular starch-like polysaccharides. These profiles matched those of genus Cryptococcus (Kurtzman et al., 2011) . The 26S rDNA-D1/D2 and ITS-5.8S rDNA sequences of strain 39-A showed 100% similarity to those of Cryptococcus flavescens CBS 942 T . On the basis of these findings, strain 39-A was identified as Cryptococcus flavescens (Saito) C. E. Skinner.
Purification procedure The results of lipase purification are summarized in Table 1 . Final preparation of the lipase showed a 296-fold increase in specific activity over cell cultures on the basis of the standard lipase assay method, with an overall yield of 5.2%. Specific activity was 4839 U/mg protein, and the purified enzyme was used for subsequent characterization.
Molecular mass The molecular mass of the purified lipase was determined by SDS-PAGE to be 34 kDa (Fig. 1) .
Effect of pH and temperature Although the purified enzyme showed maximum activity at 30℃ and pH 7.0 ( Fig.  2-A, B) , it was stable over a pH range of 6.0 − 8.0 (Fig. 2-C) . The enzyme retained its original activity at temperatures below 40℃ (Fig. 2-D) .
Effect of metal ions and chemicals The results are shown in Table 2 . Enzyme activity was weakly inhibited by Ag + (21%), Mn 2+ (84%), and p-chloromercuribenzoic acid (86%), but was not affected by monoiodoacetic acid. Enzymatic activity was moderately stimulated by Fe 2+ (13%), K + (5%), and Ca 2+ (4%).
Substrate specificity Table 3 shows the free fatty acid composition on first stage hydrolysis (~ 10% hydrolysis rate) of milk fat by several lipases. Lipase PGE T showed high specificity toward short-chain fatty acids (C 4 ) with the oc- 
Discussion
The addition of lipase is used regularly for EMC and cheese slurries to enhance flavor. Lipases function by degrading the triglycerides in milk fat to liberate free fatty acids; short-chain fatty acids such as butyric acid (C 4 ) and caproic acid (C 6 ) are regarded as important in the dairy industry. For this reason, pregastric esterase is an important lipase (Kwak et al., 1989) . On the other hand, commercially useful lipases are usually obtained from microorganisms due to economic feasibility. In this study, we isolated 27 yeast strains from the digestive juice of Nepenthes. Most yeasts isolated exhibited lipase activity. According to the milk fat hydrolysis test, we selected a yeast which produces cheese-like flavor (data not shown). The strain newly isolated as a lipase producer from the digestive juice of N. ventricosa, designated 39-A, was identified as C. flavescens 39-A, a basidiomycetous yeast, by morphological tests and comparative 26S rDNA-D1/D2 and ITS-5.8S rDNA gene sequence analysis. C. flavescens is known as an antagonist, capable of suppressing fusarium t. mase et al. Lipases catalyze the hydrolysis of triacylglycerol and are found widely in animals, plants, and microorganisms. Many yeasts, such as Sporidiobolus pararoseus (Mase et al., 2011) , Geotrichum sp. (Monfort et al., 1999) , and Candida rugosa (Linko and Wu, 1996) , have been reported to produce lipase. Of the many lipase-producing yeasts, C. rugosa is the most frequently used for commercial production of lipase. In genus Cryptococcus, C. macerans and C. laurentii have also been reported as lipase producers, but no details on the enzyme properties are available (Brizzio et al., 2007) . Most industrial microbial lipase is derived from fungi and bacteria by submerged culture with oils as inducers (Sharma, 2001) . Strain 39-A lipase is also produced by submerged culture, but without inducers such as triglycerides or fatty acids.
Generally, titrimetry assay using olive oil as a substrate is the preferred method for assessing lipase activity. Kim et al. (1998) reported the production of Bacillus stearothermophilus L1 lipase, which is especially active toward p-nitrophenyl caprylate, a synthetic substrate. We also employed a spectrophotometric assay using p-nitrophenyl butylate, which is hydrolyzed by lipase and esterase, as the Lipase 39-A from Cryptococcus flavescens Lipase from strain 39-A was purified from the culture filtrate and showed a single band (34 kDa) on SDS-PAGE with a specific activity of 4839 U/mg. Lipases are reported to be monomeric proteins, with molecular mass in the range of 19 − 60 kDa (Aravindan et al., 2007) . The molecular mass of C. rugosa, like Lipase AY T and pregastric esterase such as Lipase PGE T , was reported as 58 kDa (Veeragavan and Gibbs, 1989) and 49 kDa (Sweet et al., 1984) , respectively. Multiple forms of lipases have been reported for microbial lipase producers such as Rhizopus niveus (Kohno et al., 1994) , G. candidum (Sugihara et al., 1994) , and C. antarctica (Arroyo et al., 1999) . In this study, a minor active fraction (3% of total activity) was detected on the CM-Toyopearl chromatograph, but the investigation was focused on the major active fraction (97% of total activity). Purified 39-A lipase was used for subsequent characterization.
The purified enzyme showed maximum activity at 30℃ and pH 7.0. On the other hand, the optimum pH and temperature of Lipase PGE T specified by the supplier are pH 6.0 and 45℃, respectively. Although the optimum pH and temperature of Lipase PGE T differ slightly from those of purified lipase, such difference can vary by assay method, the extent
In conclusion, C. flavescens 39-A is considered a useful enzyme in dairy food processing, such as cheese ripening and the production of EMC, because it adds a cheese-like flavor. In future, we intend to investigate the optimal dose of 39-A lipase in cheese, as excessive lipase generally results in a rancid or soapy flavor. of lipase purity or type of impurity.
We reported a lipase derived from S. pararoseus 25-A as a replacement for pregastric esterase (Mase et al., 2011) . While the thermal stability of S. pararoseus lipase is higher than the current purified lipase, the short-chain fatty acid specificity toward milk fat is not as good. With respect to dairy processing, it is important to easily terminate the lipase reaction, as excessive lipase reaction results in a rancid or soapy flavor.
In general, lipases are activated and stabilized by the addition of Ca 2+ and inhibited by Zn 2+ , EDTA, and SDS (Ghosh, 1996) . The present 39-A lipase was also activated with Ca 2+ (104%) but was not affected by such reagents.
The physical properties of lipases depend on the position of fatty acids in the glycerol backbone and its degree of unsaturation. Additionally, one approach to defining lipase specificity involves determining the chain length of fatty acids released from the substrate triglyceride, since most microbial lipases, including the yeast C. cylindracea lipase, exhibit specificity for long-chain fatty acids (Kanizawa et al., 1982) . On the other hand, animal lipase like pregastric esterase is specific toward short-chain fatty acids and is important for cheese aroma and flavor. Here, the pattern of free fatty acid release by lipases was examined by means of milk fat hydrolysis.
The present results revealed that the fatty acid specificity of purified lipase is similar to that of Lipase PGE T (pregastric esterase) compared with Lipase AY T or Lipase D T , as it showed specificity toward tributyrin (C 4 ). This is probably because the pregastric lipases (Kilara, 1985) and 39-A lipase have optimal activity and specificity toward milk fat (Table  3) .
The potential application of 39-A lipase for flavoring dairy products was also examined. In the dairy industry, lipases are generally used for flavor development in specific cheese types and cheese-related products (Stead, 1986) . In cheese ripening, lipases are used mainly for Italian cheese varieties, such as Mozzarella, Parmesan, Cheddar, and Romi, when an enhancement and acceleration of the lipolytic flavor is desired.
As our group is particularly interested in the formation of flavor during the production of mozzarella cheese, the effect of the addition of 39-A lipase, Lipase PGE T , or microbial lipases was evaluated predominantly from the viewpoint of aroma or flavor. Pregastric lipase like Lipase PGE T seems to be preferred over microbial lipase. Cheeses prepared using either purified lipase or Lipase PGE T did not differ in flavor, color, aroma, flavor, taste, texture, or appearance by sensory evaluation (Table 4 ). However, no flavor and aroma was noted without lipase.
